globally; 22% of patients with TB were tested for HIV infection [10] . In Africa, 500,000 (37%) notified patients with TB were tested for HIV in 2007 [1, 4] . Progress is far slower in delivering trimethoprim-sulfamethoxazole preventative therapy, ART, IPT, and prevention interventions for HIV infection to clients of TB services [1, 4, 13, 14] .
HIV PREVENTION IS PREVENTION OF TB
The Stop TB Strategy of directly observed therapy short-course (DOTS)-based TB programs help prevention of TB by reducing transmission through prompt identification, diagnosis, and successful treatment of TB (Table 1 ) [1, 15, 16] . Although strong DOTS-based TB programs are essential, prevention of HIV infection is necessary to control TB in areas impacted by HIV. Prevention of HIV infection is beyond the scope of this article but is best achieved with a carefully tailored, combined approach that considers the community and incorporates evidence-based behavioral, biomedical, and structural interventions [17] [18] [19] [20] . ART offers considerable hope for prevention of HIV infection and TB, because risk of TB approaches 10%-20% per annum among persons with a CD4 cell count !200 cells/mL [21] [22] [23] [24] [25] . Perhaps most importantly for TB control, persons receiving ART are less likely to transmit HIV [26] . Combined approaches to prevention of HIV infection can be very effective. For example, providing couples HIV counseling and testing and ART for HIV status-discordant couples in Africa has been associated with an ∼98% reduction in HIV transmission [27, 28] . Prevention of HIV infection in TB care settings has received some attention [29] ; however, the provision of services for prevention of HIV infection in these settings is not well documented. In addition, services often do not incorporate proven interventions, such as couples counseling [17, 30] or other efforts to diagnose HIV infection or prevent HIV transmission among patients, partners, and family members [ 18, 20, 27] . This missed opportunity for prevention of HIV infection is often compounded by the persistently low case detection of HIV infection-related TB [1] . Expansion of intensified case finding for both TB and HIV infection could ensure that many more persons know their TB and HIV status and that persons with HIV infection with and without TB have access to appropriate and timely prevention, care, and treatment [1, 18] .
INFECTION CONTROL FOR TB
Despite the risk of nosocomial TB, infection control for TB is often overlooked as a TB prevention intervention [31, 32] . The unprecedented expansion of HIV services in areas with high prevalence of TB [12] may be amplifying nosocomial TB transmission among vulnerable patients and their families [33] . Transmission of extensively drug-resistant or multidrug-resistant (MDR) TB further emphasizes the importance of infection control, because of the nearly 100% fatality seen among people living with HIV in some settings [33] . Serious outbreaks of TB in health care settings among people living with HIV and health care workers have been reported, and health care workers infected with HIV are at elevated risk of TB [31, [33] [34] [35] [36] . Preventing TB transmission in health care facilities (and other settings, such as prisons and the community) may play a significant role in preventing TB in patients infected with HIV, their families, and health care workers [31] . WHO guidelines focus on implementing evidence-based managerial, administrative, environmental, and personal respiratory protection [37, 38] . In 2007, 127 countries had TB infection-control policies for hospitals and clinics; in sub-Saharan Africa, 20 of 46 countries report having policies covering 74% of estimated HIV infection-related TB ( Figure 1 ). Opportunities exist for improved implementation of infection control for TB as part of prevention, care, and treatment of HIV infection and TB for patients, family members, and health care workers [29, 32] .
IPT
Policy. In 1998, the WHO and the United Nations Joint Programme on HIV/AIDS (UNAIDS) issued a new IPT policy with 6 key steps as a part of the package of care for people living with HIV [13] . First, people living with HIV should be counseled to encourage early diagnosis and treatment of TB. Second, to avoid monotherapy, all persons infected with HIV should be screened for active TB before administration of IPT. Third, programs should target persons most likely to benefit from IPT, specifically individuals with a positive tuberculin skin test (TST) result. However, TST is not feasible in most settings, and therefore, IPT without prior TST should be considered in populations with 130% prevalence of M. tuberculosis infection, health care workers, household contacts of patients with TB, prisoners, and miners. Fourth, IPT should be given as 6 months of daily, self-administered isoniazid. The fifth and sixth key steps involve monitoring of adherence, toxicity, and outcomes [39] . The policy recommends a chest radiograph before initiation of IPT [13] . Studies suggest that IPT is cost effective and beneficial, further supporting these policy recommendations [40, 41] .
The 1998 WHO/UNAIDS policy [13] informed subsequent WHO guidelines, including the HIV/TB Clinical Manual [42] , national TB program managers' guidelines for managing TB in children [43] , and the 2004 Interim Policy on TB/HIV Collaborative Activities [29] . The 2008 WHO Three I's Meeting for HIV/TB reemphasized the importance of IPT for people living with HIV as part of a comprehensive approach to prevention, care, and treatment of HIV infection [32] . Forty-two countries, including Botswana, South Africa, Mozambique, Ethiopia, and the United States, use IPT for people living with HIV as part of their TB-control strategy [1, [44] [45] [46] . Globally, although access to IPT is still limited, from 2005 through 2007, IPT provision increased from 26,000 persons in 10 countries to 29,000 persons in 42 countries (Figure 2 ) [1] . To support access to IPT for people living with HIV, the WHO is working with experts to formulate new intensified case finding for TB and IPT guidelines, which should help national AIDS programs take the lead in improving TB screening and IPT service delivery [32] .
Rationale and regimens. Single or multiple drugs over short periods of treatment can be used to treat the lower bacillary load of latent TB infection. Randomized clinical trials involving people living with HIV revealed that 6-12 months of isoniazid therapy substantially reduces the risk of active TB [3, 14] . Rifampicin and pyrazinamide-containing regimens are as effective as isoniazid alone [3] and have prolonged benefit [14] ; however, persons receiving these regimens have more serious adverse effects [3] . IPT, compared with placebo, in people living with HIV in high-burden areas had an overall efficacy of a 33% reduction in the risk of active TB; in TST-positive individuals, this reduction increased to 64% [3] . Although a cohort study showed a survival advantage [47] , clinical trials involving adults have not shown a survival benefit for those who received IPT [3, 48, 49] . In all studies, isoniazid was generally safe and well tolerated, and discontinuation was most often associated with default rather than adverse reactions [3] . The recommended dosage of IPT in adolescents and adults infected with HIV is 300 mg daily for 6-9 months [13, 39, 43] Although no study has examined 9 months of IPT in people living with HIV, randomized trials of treatment up to 12 months in HIV-uninfected persons suggest that optimal benefit is achieved by 9 months [50] . In areas where treatment supervision is feasible, 800-900 mg of isoniazid given twice weekly is an effective and well-tolerated alternative regimen [51] .
IPT and children. In 2007, ∼2.5 million children were infected with HIV, resulting in ∼330,000 HIV infection-related deaths [52] . Children are at increased risk of infection with M. tuberculosis, and TB is a common cause of respiratory disease and death in children infected with HIV [53, 54] . The outcomes in children with HIV infection and TB are poorer than those in adults, with mortality increased by 6 fold [55] [56] [57] . Few studies on TB preventive therapy focus on children, and IPT is rarely provided to children to prevent TB [55] . A recent South African placebo-controlled clinical trial of IPT in children showed a 72% reduction in development of definite or probable TB [58] . Mortality was reduced 54% with IPT, compared with placebo [58] . This effect was evident for both daily or 3-times weekly regimens of 10 mg/kg of isoniazid. Although this study found a substantial protective effect in the absence of ART, there is no available research regarding IPT for children receiving ART [55] . The duration of protection, long-term effects of prophylaxis, and impact of prophylaxis in areas with a low prevalence of TB also remain open questions. In the absence of additional data, isoniazid should be considered to prevent and treat latent infection in children infected with HIV who live in areas with a high TB prevalence [42, 43, 55] . The WHO recommends 10 mg/kg (range, 10-15 mg/kg) of isoniazid per day for children у3 months of age for treatment or prophylaxis (there was not enough evidence for a recommendation for children !3 months of age, but it was noted that the same dose is often used). The maximum daily dose should not exceed the recommended adult daily dose [59] .
Duration of protection. Protection in people living with HIV may depend on a number of factors, including the duration of the regimen, adherence, the potency of the regimen, the degree of immunosuppression, and the risk of reinfection in the community [3, 60] . In studies performed before the availability of ART in settings with a high TB prevalence, optimal IPT protection was maintained for 18 months [49, 51] , and some studies suggest that the durability of effect can last at least 2.5 years [48, 49] . TB reinfection may occur, particularly in persons who are immunocompromised, and can lead to rapid progression to TB disease despite previous treatment for latent or active TB [61] . Studies demonstrate a possible benefit for secondary preventive therapy in persons who have already been treated for active TB [3, [62] [63] [64] . The threat of reinfection suggests a role for either prolonged IPT or repeated courses of IPT. Experts at the 2008 WHO Three I's Meeting suggested the potential benefit of a coformulation of isoniazid and trimethoprim-sulfamethoxazole as long-term preventive therapy [32] . Information on the impact of prolonging treatment should be forthcoming from at least 2 ongoing studies of long-term IPT in South Africa and Botswana.
IPT AND ART
ART in some studies provides up to 80% reduction in the risk of TB [23] ; however, the incidence of TB still remains higher among people living with HIV receiving ART than among HIVuninfected persons [22, 23, 65] . Even among persons with a good response to ART, other interventions (such as IPT) may be needed to prevent TB in people living with HIV. Observational cohort studies in Brazil and South Africa showed a 76%-89% reduction in TB risk among patients receiving both ART and IPT [66, 67] . Although more evidence is needed, IPT with ART are likely to yield important health benefits for individuals and communities and should be a priority intervention as part of global efforts to expand prevention, care, and treatment of HIV infection.
Screening for TB. IPT raises the possibility of inadvertent treatment of active TB with monotherapy and the potential development of isoniazid and (more rarely) polydrug resistance [14] . Difficulty in excluding active TB disease is frequently cited as a reason not to provide IPT. Ironically, although it may be difficult to exclude TB, persons suspected to have TB often do not receive IPT or treatment and die of their undiagnosed and untreated TB [68] . Because of the high risk and serious consequences, screening for TB should be one of the first services to be periodically offered to all people living with HIV [29, 32, 69] . Although subclinical TB can be an issue [70, 71] , reports from a number of settings, such as Botswana and Zambia, suggest that the rate of TB is very low among asymptomatic people living with HIV [46, 72] . In this population, it is possible to use simple algorithms to exclude most active TB, although a small proportion of patients may have subclinical TB disease with no symptoms and signs of TB [71] [72] [73] [74] . Although the 1998 WHO/UNAIDS IPT guidelines recommend that a chest radiograph be performed for all patients before IPT [13, 42] , radiography is notoriously unreliable for the diagnosis of TB in the context of HIV infection [75, 76] . The use of chest radiographs in IPT programs is still not clear; a study from Botswana [46] clearly noted that chest radiography was not necessary to screen for active TB in the IPT program, whereas research among mine workers, an arguably special population, support its use [77] . Other diagnostic methods, such as TST and "in-tube" interferon-g release assay-based approaches, although potentially attractive, are unlikely to reach the large numbers of people living with HIV who could benefit from IPT. The WHO is developing guidelines for the optimal screening algorithm for diagnosis of TB and determination of the eligibility for IPT for people living with HIV. In the interim, individuals infected with HIV who do not have symptoms suggestive of TB should be administered IPT; however, persons with symptoms should have further examination for TB and, if eligible, should be offered TB treatment. Although often overlooked, infection control for TB also relies on the prompt identification, diagnosis, and treatment of TB and should be a part of TB screening efforts [32] .
Drug resistance. Fear of drug-resistant TB may be the major barrier to access to IPT. A recent systematic review of data published since 1952 reported that the risk of drug-resistant TB in those given IPT among viral strains infecting persons given IPT was not statistically different from that among strains infecting persons who received placebo [78] . Patients with isoniazid-resistant TB respond just as well as patients without isoniazid-resistant TB to standard short-course anti-TB therapy [79] , although those with isoniazid-resistant TB experience a slightly increased risk of relapse [80, 81] . Therefore, although there is a possibility of development of isoniazid-resistant TB after use of IPT in people living with HIV, the benefits in terms of its effectiveness and efficacy must be balanced against these small risks [82] .
Toxicity. In clinical trials involving people living with HIV, isoniazid was more likely than placebo to be discontinued as a result of adverse effects [3] . However, the likelihood of stopping treatment because of adverse effects was rare and was higher for combination therapies than for isoniazid monotherapy [3] . Isoniazid has potential adverse effects, including nausea, vomiting, rash, fever, hepatitis, and peripheral neuropathy. Hepatoxicity, sometimes severe and even fatal, has been found in a very small proportion of individuals receiving isoniazid treatment [3, 83] . The risk of hepatitis has been found to increase with alcohol use, although in most studies, alcohol use has been poorly quantified, if at all [14] . Vitamin B6 can reduce the risk of peripheral neuropathy. Among patients receiving both ART and IPT, the risk of peripheral neuropathy is potentiated if stavudine or didanosine is used [84] . Careful counseling, clinical monitoring, and good patient education regarding when to stop treatment and seek advice can help in reducing the risk of toxicity [83] . In a large study in Seattle (which has a low prevalence of HIV infection), without laboratory monitoring, only 11 cases of hepatitis were reported after ∼7 years in 111,000 patients receiving isoniazid (only 1 patient required hospitalization) [83] . Although information for people living with HIV is more limited, the rate of isoniazid hepatotoxicity during clinically monitored IPT is very low [83, 85, 86] IPT in settings with drug-resistant TB. Although the vast majority of TB is curable, drug resistance (specifically, MDR) has emerged as a growing threat to TB control and public health in general. Data regarding drug resistance in sub-Saharan Africa and in populations with a high prevalence of HIV infection are relatively sparse [87] . However, South Africa, which has the largest number of people living with HIV, ranks fourth worldwide, with an estimated incidence of 16,000 MDR-TB cases per year [1] . Primary prevention for HIV infection and active TB through use of early diagnosis of HIV infection and ART, infection control, improved DOTS implementation, and IPT may play a significant role in preventing the potential acquisition and transmission of extensively drug-resistant TB or MDR-TB. In most settings, isoniazid resistance is relatively low, which suggests that IPT would be effective for the majority of patients [87] . The role of IPT in persons suspected of MDR M. tuberculosis infection is not clear; some recommendations take a wait and see attitude, whereas others advocate preventive treatment with a drug that is likely to be effective [88, 89] .
BROADER PREVENTION ISSUES
Prevention of TB will require more than just medical and health facility-based interventions. Evidence of the historical burden of the disease confirms this; diminishing rates of TB were evident in the Northern Hemisphere long before the advent of chemotherapeutic agents, with decreasing rates consequent to the general effects of development, such as improved sanitation, housing, and nutrition. Addressing disparities in the social determinants of health is of significant importance in preventing TB and must be considered by policy makers concerned with improving public health. Finally, although an oft-neglected facet of TB prevention, successful engagement of a program with people living with HIV, persons with TB, and the community in both the planning and implementation of any TB prevention activity is essential.
CONCLUSIONS
In summary, TB prevention in the context of HIV infection demands a comprehensive approach that effectively marshals evidence-based interventions for prevention of HIV infection and TB, including earlier diagnosis of HIV infection and ART [13, 28, 29, 32] . The "Three I's for HIV/TB"-intensified case finding, infection control for TB, and IPT-should be seen as core services for prevention, care, and treatment of HIV infection. IPT is safe and effective in people living with HIV, reducing the risk of TB by 33%-64% for up to 2.5 years [3, 13] . Although the number of studies involving children is limited, data also suggest a significant potential reduction in incidence and mortality [55] . Ongoing research studies are evaluating the optimal duration of therapy for IPT and alternate regimens. In the meantime, managers of HIV and TB programs should work with their communities to ensure that people living with HIV have access to the "Three I's for HIV/TB" as part of highquality, comprehensive services for prevention, care, and treatment of HIV infection and TB.
